We report a hitherto undescribed persistent carotid vertebral anastomosis associated with ipsilateral internal carotid artery agenesis and bilateral duplication of the intradural vertebral arteries. This rare anomaly was detected on MRI, supplemented by CT angiography while evaluating for cause trigeminal neuralgia in a 37-year-old woman. The aberrant vessel was seen to cause thinning and lateral displacement of the left trigeminal nerve on CISS 3D images. Also noted was a bilateral vertebral artery duplication of the PSA variant with the posterior inferior cerebellar artery arising from the medial limb of the duplication on the left.
Embryological variations of arteries are important to identify especially when they are causing symptoms in a given patient. We report a hitherto undescribed persistent carotid vertebral anastomosis associated with ipsilateral internal carotid artery (ICA) agenesis and bilateral duplication of the intradural vertebral arteries. This persistent anastomosis, which may be termed as persistent trigeminal artery (PTA) type IV or persistent lateral longitudinal anastomosis, was detected on magnetic resonance imaging (MRI) while evaluating trigeminal neuralgia in a 37-year-old woman. The aberrant vessel was seen to cause neurovascular conflict in the form of thinning and lateral displacement of the left trigeminal nerve. Also noted was a bilateral vertebral artery (VA) duplication of the persistent sciatic artery (PSA) variant with the posterior inferior cerebellar artery (PICA) arising from the medial limb of the duplication on the left.
Imaging was performed on a 3 Tesla MRI scanner (Achieva 3 T, Philips Medical Systems, Netherlands) using a 32-channel head coil as per standard operating procedure including axial turbo spin-echo T2-weighted (T2W) scan (repetition time/echo time (TR/TE) 3270/ 80 ms, flip angle 900, field of view (FOV) 250 mm, acquired (ACQ) voxel size 0.89/1.21/5.00 mm, slice thickness/gap 5 mm/1 mm; T2W fluid-attenuated inversion recovery (FLAIR) sense (TR/TE 11000/1120 ms, flip angle 900, FOV 250 mm, ACQ voxel size 0.96/ 1.79/5.00 mm, slice thickness/gap 5 mm/1 mm); Venobold (TR/TE ¼ 24/17 ms); diffusion tensor imaging (DTI) (TR/TE ¼ 2703/73 ms, no of slices 70, FOV 224 mm, ACQ voxel size 2/2/2 mm, slice thickness/gap ¼ 2 mm/0 mm, no of directions 6, b values ¼ 0, 1000); magnetic resonance angiography (MRA) time of flight (TOF), T2 drive three-dimensional (3D); post-gadolinium T1 magnetization-prepared rapid gradient-echo (MPRAGE) volumetric acquisition (TR/TE ¼ 8.3/3.8 ms, sense factor ¼ 1.5, flip angle ¼ 80, FOV 256 mm, ACQ voxel size 1/1/1 mm).
On MRI, the left trigeminal nerve was displaced laterally and appeared thinner than its counterpart on the right. Source images of MRA revealed an aberrant vessel in the lateral aspect of the prepontine cistern on the left side in close contact with the left trigeminal nerve. At first instance it was considered to be a PTA causing neurovascular conflict. But on careful observation the vessel was noted arising from the left vertebral artery (VA) just above C1 level, coursing through the foramen of magnum to the left cerebello-medullary cistern to the cerebello-pontine angle cistern then to the left pre-pontine cistern to the region of Meckel's cave into the cavernous sinus, ultimately continuing as the left ICA terminating into the middle cerebral artery (MCA) (Figures 1(a) -(c) and 2).
Both VAs were co-dominant. Bilateral duplication of the intradural VAs was noted. On the left the posterior inferior cerebellar artery (PICA) was noted arising from the medial limb of the duplicated VA, while on the right it was arising from the lateral limb as expected (Figures 2 and 3 ).
Computed tomography angiography (CTA) ( Figure 4 ) revealed the brachiocephalic artery to be the first vessel arising from the arch. The right common carotid artery (CCA), ICA, external carotid artery (ECA) and VA had normal origins and course. The left common carotid artery was the second branch arising from the arch and it continued as the ECA. The left VA was the third branch off the arch while the left subclavian artery (SCA) was the last branch. The left proximal ICA was not visualized. There was no posterior communicating artery (PCOM) on the left side ( Figure 4 ). The persistent anastomotic channel (arrow in Figures 2 and 3 ) continued as the left ICA and then the MCA. The left A1 was hypoplastic. The left A2 appeared to be filling from the right side via the anterior communicating artery (ACOM). No aneurysm was detected. CTA source images in bone window revealed the absence of the left carotid canal indicating the congenital nature of the ICA absence ( Figure 5 ). The course of the persistent vessel as it reconstitutes the left ICA is seen ( Figure 6 ). A modified schematic diagram demonstrates the possible embryological basis of the persistent vessel (Figure 7 ).
Discussion
The ICAs are derived from portions of the first and third aortic arches and paired dorsal aorta, when the embryo has attained the 3-mm stage. 1 The roots of the ICAs are formed from the third aortic arches. The dorsal aortae form the intermediate portions of the ICAs, and the distal parts of the ICAs are formed from the first aortic arches. 2, 3 Agenesis of the ICA depends on the abnormal regression, involution or atresia of the first and third aortic arches and dorsal aorta in the 20-24-mm embryonic stage. The carotid canal develops in association with the ICA. The skull base does not begin to form until the fifth to sixth weeks of fetal life. If the embryonic primordium of the ICA fails to develop before the third and fifth embryonic weeks, the ICA and the carotid canal cannot develop. 4,5 Seven embryological segments of the ICA have been described by Lasjaunias et al. These ICA segments appear to be autonomous from an embryological standpoint and may show segmental agenesis. Each of them lies between the origins of two consecutive embryonic vessels. In adults, the exact position of these embryonic vessels is occasionally demonstrated in nonpathological cases where they may persist completely or partially. 6 Such persisting embryonic arteries point to the boundaries of these various embryological segments. The PTA is the most commonly observed such anastomosis.
In case of segmental agenesis of the ICA, each of the embryonic vessels represents the potential point of vascular reconstitution of flow into the distally preserved ICA. In case of cervical and petrous ICA agenesis, compensation by the vertebrobasilar system via the trigeminal artery can be encountered. Segmental cavernous ICA agenesis may be associated with ipsilateral trigeminal, maxillary or contralateral dorsal ophthalmic, primitive maxillary artery or rete mirabile supply. 6 In our case agenesis of segment 1 to 4 of the left ICA was present. However, reconstitution was not through the usual primitive channel as described above. Instead another primitive vessel was noted that was carrying blood from the V3-V4 junction distal to the fusion of the two limbs of the VA to the cavernous segment of ICA following the course of the trigeminal artery. The origin of this vessel appears to be the lateral longitudinal anastomosis, the intracranial equivalent of the (posterior) lateral spinal artery at the upper cervical level as described by Lasjaunias et al. 7 Remnants of the same vessel can be seen at the time of duplication of the origin of the PICA or in the anterior inferior cerebellar artery (AICA)/PICA disposition. The ophthalmic artery (OA) as well as the left MCA received their supply from the posterior circulation via this channel. This vessel then continued the course of a PTA toward the ICA.
Quain described in 1844 the PTA route from the ICA at the point where this vessel leaves the carotid canal and penetrates the cavernous sinus (C4 segment of the cavernous ICA). From this point the artery takes a posterior course, sometimes slightly inclined rostrally through the cavernous sinus, where it occupies a position medial to the ophthalmic branch of the trigeminal nerve. Perforating the dorsum sella or passing adjacent to its lateral margin coming from Meckel's cave or through an isolated dural foramen, the trigeminal artery reaches the posterior fossa and with a dorsal course near the entry zone of the trigeminal nerve root at the pons, communicates with the basilar artery (BA) usually between the origins of the superior cerebellar arteries and of the AICA. Proximal to the point of communication of the trigeminal artery, the BA usually is hypoplastic and the PCOM artery could be absent. 8 Trigeminal artery variants (Saltzman type III) seem to occur as the result of the persistence of a PTA associated with an incomplete fusion of the longitudinal neural arteries, where there is direct anastomosis between the intracranial ICA and the cerebellar arteries, without the interposition of the BA. 9 But by definition the PTA extends from the cavernous ICA to the upper part of the BA (Saltzman type I and II) or to a cerebellar artery (SCA/AICA/PICA) without any communication with the BA. Type I PTA supplies the PCA and SCA territory, PCOM and BA proximal to the anastomosis being hypoplastic. Type II PTA joins the BA at the level of SCA and PCA is supplied by the fetal PCOM. [10] [11] [12] [13] Accordingly, in our patient the primitive vessel cannot be considered as PTA type I, II or III.
Agenesis of the ICA is a rare developmental anomaly with a reported prevalence of less than 0.01% of the population. The association of ICA agenesis and trigeminal neuralgia is even rarer. Review of the literature describes only three such cases. [14] [15] [16] In one case of unilateral ICA agenesis, Li et al speculated that the ectatic tortuous BA makes the root entry zone of the left trigeminal nerve easily compressed by the SCA or the BA. 16 of the left VA and filling of the left ICA via the PTA. Intraoperative findings showed compression of the root entry zone of the trigeminal nerve by the vertebrobasilar junction. 14 Uchino et al. reported a case of aplasia of the right ICA associated with trigeminal neuralgia. They noticed a deformed right trigeminal nerve resulting from compression by a dilated tortuous BA. They postulated that long-standing hemodynamic stress due to absence of the ICA caused the BA to become extremely tortuous with resultant trigeminal neuralgia. 15 Arterial duplication refers to the division of an artery into two distinct vessels with different but predictable courses using embryologically potential pathways. Duplications of the VA derived from the lateral spinal arterial (LSA) system have been described by Lasjaunias and coauthors. 7 In this variation, the upper limb of the duplication corresponds to the VA per se, whereas the lower limb is a prominent intracranial lateral spinal artery equivalent. At times the duplicated segment is more distal, and the supernumerary limb is located above rather than below the limb corresponding to the normal VA component. The upper limb of the duplication forms an upward loop, from which the PICA arises. The authors believe that in this variant the upper limb results from the simultaneous persistence of both the normal origin of the PICA and of a second origin derived from the PSA system. 7 Bilateral PSA variant is rare.
In our case the VA duplication is of the PSA type; however, instead of the PICA originating from the lateral limb, it originates from the medial limb. The embryological explanation to this variant remains unclear. A short distance later, the medial limb gives a branch that continues as the left VA. It then joins the lateral limb of the VA to continue as the single variant vessel described above.
Conclusion
The evaluation of trigeminal neuralgia should include a careful search for neurovascular conflict, to confirm an offending vessel that might be a known anatomical variant or a new vessel as illustrated by our case. A few rarities are to be noted in our case. There is agenesis of the proximal ICA with filling of the ipsilateral distal ICA by a hitherto undescribed form of persistent vertebro-carotid anastomosis. The cause of trigeminal neuralgia was the primitive vessel itself as opposed to other reported cases. Additionally there were bilateral VA duplications with the left PICA arising from the medial limb. Noninvasive imaging facilitates to identifying variant vessels with precision and identifies the cause of patient symptoms with accuracy.
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